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§1. ECH Transmission Line for LHD 
Kubo, S., Shimozuma, T., Idei, H., Yoshimura, Y., Takita, 
Y., Kobayashi, S., Ito, S., Mizuno, Y., Sato, M., Ohkubo, 
K. 
During the first experimental campaign, two of four 
transmission lines are used for the ECH experiment of LHD. 
Gyrotrons used for the experiment were those from CPI and 
GYCOM at 84 GHz (CPI#2R) and 82.6GHz. The MOU to 
couple the output power from gyrotrons to the corrugated 
waveguide was designed using the far field Gaussian beam 
approximation. Total transmission efficiencies including the 
conversion loss at the MOU for ail lines are about 60%. In order 
to increase the total input power of ECH, one more gyrotron from 
CPI (#2R) is added for the use of experiment between the first and 
second experimental campaign. 
fig. I shows the birds eyes view of ECH systems for LHD. 
Gyrotrons are placed in the heating equipment room adjacent to 
the LHD main hail. Heating equipment room is separated from 
LHD main hail by a 2m thick heavy concrete wail for the neutron 
shielding. Transmission lines connect gyrotrons to the antennas 
by way of the underground to keep the shielding effect Used 
combination of the gyrotrons and transmission lines with the 
achieved power and pulse width for each is summarized in Table 
1. 
Gyrotron Total Length Transmitted Power 
!Number of Bends and Pulse width 
CPI#IR 120m 140kW 1 210ms 
(84GHz) 119 75kW 1 310ms 
CPI#2R 110m 140kW 1 400ms 
(84GHz) 120 100 kW 12 min (duty 95%) 
GYCOM 110m 200kW 1 50ms 
(82.6GHz) /18 180kW 1 300ms 
140kW 1 500ms 
120kW 1 600ms 
Table 1. Combination of the gyrotron and transmission line 
with transmitted power and pulse width during second cycle 
experimental campaign. 
Used gyrotrons for the second experimental campaign were 
three, CPI#IR, CPI#2R both at 84 GHz and GYCOM at 
82.6GHz. Each maximum output power achieved so far is the 
level of 400 to 500 kW, few seconds. The power transmitted to 
the LHD is mainly limited by the arcing in the waveguides. The 
arcing in the waveguide may be triggered by the electric field 
enhancement caused by the higher order mode excited at the 
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fig. 1. Schematic view of ECH transmission systems in LHD. 
coupling part of the gyrotron output to the corrugated waveguide. 
Rather low transmission efficiency for each line may be aIso 
explained by such contamination of the higher order modes 
whose loss or reflection at the miter bends is much higher than 
that of the fundamental mode, HElJ. The more severe alignment 
and elimination of several miter bends at the introduction of the 
waveguide from the gyrotron will be executed for the 
improvement of the mode purity. 
A new transmission line connecting to the 2-0 port antenna is 
branched from one of the four installed lines by using the switch 
at the LHD main hail. This line is scheduled for the use of new 
GYCOM gyrotron that arrived just after the second experimental 
campaign. Toward the third cycle experimental campaign, one 
more line is added aIong this line in the LHD main hail and both 
these new line will be connected to the gyrotrons via two more 
transmission lines through underground. Thus, the total number of 
lines which will be used for the third cycle experimental campaign 
is increased up to six. 
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